Okra (Abelmoschus esculentus L. Moench) is a traditional pod vegetable widely grown in low, medium and high-input systems for domestic and export markets. The economic and ecological sustainability of okra in these systems is under question because of the low-yielding potential, suboptimal pod quality and susceptibility to biotic and biotic stresses especially the yellow vein mosaic virus ( 64", but of comparable yield potential with other checks "Avantika" and "Shakti". In addition, these three crosses also of superior pod quality could be exploited for development of commercial hybrid okra. These hybrids would be advantageous for production and quality improvement, trade
Introduction
Okra or ladies finger (Abelmoschus esculentus L. Moench) is an important vegetable crop of the Malvaceae family. Okra is said to have originated in tropical Africa [1] . The crop was taken to other parts of the world by the Portuguese [2] . It is widely spread all over tropical, subtropical and warm temperate regions of the world. It is grown in many parts of the world, especially in tropical and sub-tropical countries [3] . It is an important vegetable of the tropical countries and popular among consumers in Cameroon, Ghana, India, Iraq, Nigeria, Pakistan, Switzerland, UAE and USA. Okra has a prominent position among fruit vegetables due to its multiple virtues like high nutritive and medicinal value, ease of cultivation, wide adaptability, year round cultivation, good portability, export potential and bountiful returns [4] . Okra is a diverse crop and it provides possibly more products than any other vegetable crop. It is a multipurpose crop due to its various uses of the fresh leaves, buds, flowers, pods and stems, dry stems, pods and seeds [5] - [8] . It is valued for its edible green seed pods. In the US, Mexico and Japan, the young fruiting pods are the edible portion, while young leaves and mature seeds may be consumed in other countries [9] . It has been used for several purposes [10] . Okra is an important crop from nutritional, medicinal and industrial point of view [11] .
Okra is a drought and heat tolerant crop [12] . Being a tropical, hot weather, low land crop and susceptible to low night temperatures, it is extensively cultivated in rainy (June-September) and summer (February-May) seasons in south India [11] . Being an upright, quick growing and medium duration annual herb, it fits well into multiple cropping systems as a either sole crop or intercrop [4] . It is an important cash crop for marginal, small and large farmers, with a potential to boost food, nutritional and health security, foster rural development and support sustainable land care [4] . It has high financial value. It offers a possible route to prosperity for small, medium, and large-scale producers alike [13] . Okra is the object of an intensive production system in urban and rural agriculture [14] . Okra is extensively grown in low, medium and high-input systems by marginal, small and large farmers, respectively who are challenged to produce okra of uniform size and good quality for domestic and export markets. The economic and ecological sustainability of okra in these systems depends primarily on the horticultural superiority and resistance to various biotic and abiotic stresses especially the yellow vein mosaic virus (YVMV). YVMV is affecting okra production for both exporting and domestic consumption in India. Traditionally, low, medium and high-input systems of okra are predominated by the local varieties (landraces). An epidemic of YVMV has devastated okra production based on susceptible landraces. Consequently, a number of open pollinated varieties (OPVs) resistant to this YVMV were developed using traditional breeding approaches, which replaced YVMV susceptible landraces in all these systems. The wild species following interspecific hybridization has introgressed in genes for resistance in the OPVs [15] [16] . Nearly all OPVs of okra traditionally grown in the country are either selections from the landraces or derivatives of pedigree or mutation breeding or hybridization, which are currently being replaced by hybrid varieties (F 1 hybrids). High yielding and YVMV resistant varieties with superior pod quality are able to provide the stable and sustainable production of okra with better acceptance by rural, urban and peri-urban farmers in terms of pod yield and quality.
In India, okra is grown in area of 0.530785 million hectares and has production of 6.350266 million tonnes green pods, whereas productivity of the crop is 12.00 t/ha [17] . The productivity of okra [17] in India is higher (12.00 tonnes ha −1 ) than world average productivity (7.80 tonnes ha −1 ), but lower than that of Ghana (20 tonnes ha −1 ) and Egypt (14.00 tonnes ha −1 ). This is because of low yielding potential of current varieties and reduction in yield due to frequent attacks of pests and diseases, especially the fruit and shoot borer and yellow vein mosaic virus [18] . Further, the economic returns to the okra growers are also low owing to the sub-optimal pod quality [18] . This situation can be improved with genetic improvement through the development and release of im- proved varieties having wider genetic base, higher yielding potential, superior pod quality, YVMV resistance and better performance under various agro-climatic conditions. The genetic improvement of okra through breeding has to address and satisfy the needs of both consumers and growers. The objective of okra breeding is to produce better varieties for farmers and growers. Heterosis is the foundation of modern okra breeding programs. Creation of F 1 hybrids is a key means towards the development of varieties for modern okra production. Hybridization enhances recombination among genes from different strains and selection of desirable types for different environments [19] . Heterosis breeding involving homozygous inbred lines is very important in exploiting heterosis in okra. A number of hybrids resistant/tolerant to YVMV were developed in public and private sectors. Hybrid varieties have more vigor, better quality and yield, and greater disease-resistance than many of the OPVs. Many seed companies in India produce and distribute F 1 hybrids with high tolerance to YVMV disease that are suitable for the hot and cool season and for export. The use of heterosis breeding for getting high yield with improved quality has already been observed in this crop [20] . Even though many studies have been made on heterosis, the pace of work on development of F 1 hybrids in okra on commercial basis has been limited due to the lack of superior inbred lines in India. Development of agronomically elite inbred lines with good adaptability, good pod quality, good YVMV tolerance, and improved yield potential can provide a genetic base for future hybrid production in India.
Considering the potentiality and problems of this crop, there is a prime need for its improvement and to develop improved varieties suitable for specific agro-climatic zones. The final goal of okra breeding programs is then to release new varieties having elite combinations of many desirable horticultural characteristics. Thus keeping in view the importance of F 1 hybrids in addressing the aforesaid problems of okra growing, the present study was undertaken 1) to characterize the single cross hybrids on the basis of qualitative traits, 2) to evaluate the mean performance of single cross hybrids for pod yield and its components, 3) to determine the quality of single cross hybrids, 4) to screen the single cross hybrids for resistance to YVMV and 5) to identify the promising varieties for commercial exploitation.
Materials and Methods

Plant Material and Experimental Site
The experimental material consisted of the fifteen single cross F 1 hybrids developed by crossing six newly developed, nearly homozygous, horticulturally superior, optimally divergent and YVMV resistant inbred lines of okra (RNOYR-14, RNOYR-15, RNOYR-16, RNOYR-17, RNOYR-18 and RNOYR-24), in half-diallel fashion during rainy season 2012, which were evaluated along with three hybrid checks [No. 64 (Mahyco), Avantika (228), (Bioseed) and Shakti (Nunhems)] and two OPV checks (Pusa Sawani and Arka Anamika) during summer 2013 at the Vegetable Research Station, Hyderabad for studying their yield potential, pod quality and resistance to YVMV. Hyderabad comes under semi arid tropics with a tropical wet and dry climate.
For comparison of horticultural superiority, the above commercial hybrid checks were included as crosschecks. For screening against YVMV, the above commercial OPV checks which were YVMV resistant when developed but highly susceptible to YVMV at present were included as cross-checks. The Experimental Farm is situated at 17.19˚N, 79.23˚E and 542.6 m above mean sea level. The soils are sandy loams.
Experimental Design and Crop Management
The experimental design used for this study is the randomized block design. The number of replications was three. Each block was subdivided into 26 plots corresponding to the 26 entries of okra studied. Each entry was grown in a double-row plot. The unit plot size was 3.0 × 1.2 m. The plants were spaced 60 cm apart between rows and 30 cm apart between plants. Each row had 10 plants, while each plot and entry had 20 plants. All agronomic practices were kept constant for whole of the experiment. Recommended package of practices was followed to raise a successful crop. Regular plant protection measures were carried out to safeguard the crop from pests and diseases.
Recording of Qualitative and Biometric Traits
The data on 18 qualitative characters based on descriptors for Abelmoschus esculentus [21] were recorded in each entry on a single plant basis. Biometric observations were recorded on five randomly selected competitive plants in each entry in each replication for plant height (cm), number of branches per plant, internodal length (cm), days to 50% flowering, first flowering node, first fruiting node, fruit length (cm), fruit width (cm), and fruit weight (g) and on whole plot basis for days to 50% flowering, total number of fruits per plant, number of marketable fruits per plant, total yield per plant (g) and marketable yield per plant (g). Plant height, number of branches per plant and internodal length were all determined at the end of the growing season upon the cessation of effective plant growth. With the help of a decameter ribbon and slide calipers, the height of the plants and length of the internodes were measured. Height of the plant (cm) from ground level to tip of the main stem was measured in centimeters at the time of final harvest. Number of primary branches on the main stem was counted. Length of main stem from the basal node to the last node of green, tender and marketable fruit was measured in centimeters and divided with the number of nodes on the main stem up to the last node of green, tender and marketable fruit to get internodal length. The day when 50% of the plants flowered in a plot was recorded as the number of days from sowing to flowering. The node on the main stem from ground level at which the first flower appeared was counted. The node on the main stem from ground level at which the first fruit set was counted. Ten tagged pods were harvested 7 days after anthesis early in the morning and immediately carried to the laboratory and average length, width and weight of pods in each entry were determined. Fruit length (cm) was measured as the distance from the fruit cap scar at the base excluding peduncle to the tip end of the pod [22] . Fruit diameter (cm) in the peduncle insertion zone was measured using a standard graduated scale vernier calliper [22] . Fruit weight (g) of okra fruits was determined by weighing fruits individually in a digital analytical balance (±0.001 g). Pods were harvested three times per week, and number and weight of all pods were determined at each harvest. Data from each harvest were combined at the end of the growing season to help estimate of total number of pods per plant and total yield per plant. Total number of green and tender fruits including YVMV and borer infested ones of each plot was recorded under full range of pickings and was averaged by dividing with the number of plants to get number of fruits per plant at fruiting stage. Total number of green and tender fruits excluding YVMV and borer infested ones of each plot was recorded under full range of pickings and was averaged by dividing with the number of plants to get number of marketable fruits per plant at fruiting stage. Total weight of green and tender fruits including YVMV and borer infested ones of each plot was recorded under full range of pickings was summed and averaged by dividing with the number of plants to get total yield per plant. Total weight of green and tender fruits excluding YVMV and borer infested ones of each plot was recorded under full range of pickings, summed and averaged by dividing with the number of plants to get the marketable yield per plant. The incidence of YVMV on plants of each of test entries was recorded at final harvest.
Analysis of Biometric Data
The mean performance of parents, hybrids and checks regarding pod yield and its components was worked out. The data recorded for different characters were analyzed for variance in accordance with the standard technique [23] . Means were compared by the least significant difference (LSD) test, at a significance level of P ≤ 0.05 and P ≤ 0.01. The mean replicated values of YVMV infestation on plants were subjected to square root transformation to restore the distribution to normality. The disease reaction was determined as per the scale for classifying disease reaction of okra to yellow vein mosaic virus. The disease reaction was categorized as resistant, tolerant, susceptible and highly susceptible as per the disease severity range of 0%, 1% -30, 31% -70% and 71% -100%, respectively [24] .
Results
Evaluation of F 1 Hybrids for Agro-Economic Traits
Analysis of Variance
The analysis of variance ( Table 1) showed highly significant differences (P ≤ 0.05) among 26 entries involving fifteen crosses, their six parents, three hybrid checks and two OPV checks for almost all the traits expect days to 50 per cent flowering and FSB infestation on fruits. No significant differences were observed within replications.
Average Performance of Hybrids in Comparison to Parents and Checks
The range of mean values of parents as a group ( Table 2 ) was highest for total yield per plant (274.82 to 335.66 Table 1 . Analysis of variance for various agro-economic traits in okra.
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Mean Performance of Single Cross Hybrids
Mean performance of the growth attributes is presented in Table 3 . Plant height among the parents and hybrids Almost all parents expect RNOYR-24 had significantly shorter internodal length than all the three hybrid checks. The parents, their hybrids, hybrid checks and OPV checks did not differ significantly for days to 50% flowering ( Table 3) . Mean performance of the earliness attributes is presented in Table 3 . Mean performance of the fruit attributes is presented in Table 4 . 
Characterization of Single Cross Hybrids for Qualitative Traits
Fifteen half-diallel crosses characterized in this study showed a broad variation for most traits ( Table 5 ). All of the fifteen crosses and their parents, three hybrid checks and two OPV checks had the commonest growth habit i.e. indeterminate growth habit. There were no differences in mature leaf color (only green) and leaf rib colour (only green) among okra hybrids. Petiole colour among the hybrids varied from green to green with red colour. Hybrids were grouped into two groups on the basis of their leaf shape (shallowly lobed and deeply lobed) and leaf pubescence (downy and slightly rough), separately. Hybrids were grouped into two groups on the basis of their stem colour (green and green with purple tinge) and stem pubescence (smooth and slightly rough), separately. Although, there were no differences in petal color, clear cut difference was found in outside petal base colour (red and yellow) among the hybrids. There was no difference in shape of epicalyx segments (only lanceolate) among the hybrids. The fruits of all hybrids under study had erect position on main stem except RNOYR-14 × RNOYR-15 and RNOYR-15 × RNOYR-18 (semi-erect), downy pubescence and green immature fruit colour except RNOYR-17 × RNOYR-18 (dark green), five ridges and angular shape. The variation in leaf shape, leaf pubescence, stem colour, stem pubescence, petiole colour, outside petal base colour, immature fruit colour and position of fruit on main stem, were easily recognizable with visual appraisal in the material. Fruits displayed diversity in colour (green/dark green) and its position on main stem (erect/ semi-erect). Fruits with characteristics such as smooth, spineless, slender with green (green/dark green) skin are very desirable in the Indian local and export markets. RNOYR-15, RNOYR-17 and RNOYR-18 were among the parental lines and RNOYR-17 × RNOYR-18 was among the crosses that had dark green fruits. In the present study, the comparative view of fruits of six parental lines, their fifteen crosses and three hybrid checks is depicted in Figure 1 . In the present study, all of the 15 hybrids and three hybrid checks under present study were of superior pod quality as evident from the qualitative traits ( Table 5 and Figure 1 ).
Field Screening of Single Cross Hybrids to YVMV
Field screening under natural epiphytotic conditions during summer at Hyderabad indicated that none of the15 single cross hybrids and their 6 parental inbred lines had any incidence of YVMV (0% incidence) on plants at final harvest ( Table 4) . Results of this field screening under hot spot area indicated that all of the 15 hybrids and their 6 parental inbred lines under study were found to be resistant to YVMV under field conditions. Of the three hybrid checks under study, "No. 64" was found to be resistant, while "Avantika" and "Shakti" were found to be tolerant. Both of the two susceptible checks viz., "Arka Anamika" and "Pusa Sawani" were found to be highly susceptible with 100% YVMV incidence on plants.
Discussion
Horticultural Superiority of Single Cross Hybrids
To turn okra into a perfect candidate for sustainable agriculture, the cultivated variety should be attractive to both producers and consumers in terms of yield and quality (horticultural superiority), respectively [20] . A horticulturally superior vegetable variety requires several characteristics valued by consumers and providing economic sustainability for producers, every vegetable breeder faces the challenge of simultaneously selecting for "agro-economic" and "quality" traits. What can vegetable breeders do to assess the "agro-economic" and "quality" of their varieties?. When new hybrid varieties have been developed, they should be evaluated in variety trials based on certain "agro-economic" and "quality" traits. Agro-economic traits that an okra breeder must select for include biomass productivity and traditional yield components such as number and size of pods. Consumer purchases of okra are enthused based on "quality" traits inherent to the pods such as size, shape and color. Thus, yield is partly about producing tonnage, but also about the proportion of the crop that can be harvested and brought to market in a condition and at a price acceptable to the consumer.
Yield Traits of Single Cross Hybrids
In general, the significant differences (P ≤ 0.05) revealed among the agro-economic traits may be due to environmental influences on the genotypes as well as differences in the genetic potential of the different okra genotypes (parental lines, crosses, hybrid checks and OPV checks). This corroborates findings of earlier researchers [25] [26] who mentioned the role of environmental factors as well as differences in the genetic makeup of different varieties in yield determination of okra. Non-significant differences observed within replications suggested that the genotypes have enough variability for almost all the traits to carry out further genotypic studies. The non-significant differences observed in the days to 50% flowering indicate that the genetic components of the parental material are intact. It follows, therefore, that any improvement sort must be directed at the other characters except days to 50% flowering.
In okra, of the thirteen agro-economic traits under study, high mean values are desirable for plant height, number of branches per plant, fruit length, fruit width and fruit weight, total number of fruits per plant, number of marketable fruits per plant, total yield per plant and marketable yield per plant, while low mean values are desirable for internodal length, days to 50% flowering, first flowering node and first fruiting node. Plant height, number of branches per plant and internodal length largely determine the fruit bearing surface and were considered as important growth attributes. Okra bears pods at almost all nodes on main stem. Higher the plant height, higher is the number of fruits per plant because of accommodation of more number of nodes for a given internodal length. Higher the number of branches on the main stem, higher is the number of fruits per plant because of accommodation of more number of nodes per plant. Shorter distance between nodes accommodates more number of nodes on main stem, which will ultimately lead to higher fruit number and higher fruit production. Hence, high mean value is desirable for plant height and number of branches per plant, while low mean value is desirable for internodal length to accommodate more number of nodes and to get higher fruit yield in okra. Days to 50% flowering, first flowering node and first fruiting node are the indicators of earliness in okra. Earliness is one of the main objectives of okra breeding. Earliness, expressed by the lower leaf axils in which flower buds appear is partly due to varietal characteristic. It allows completion of pickings before the crop suffers damages from unfavorable climatic conditions. Early flowering not only gives early pickings and better returns but also widens fruiting period of the plant. In addition, it also reduces the losses due to the attack of insects and diseases. Days to 50% flowering are of importance in the sense that if flowering starts earlier, sufficient time will be available for flowering and fruit formation process. Thus, early flowering is desirable in okra and the genotypes with early flowering habit are desirable. Flowering and fruiting at lower nodes are helpful in increasing the number of fruits per plant as well as getting early yields. Days to 50% flowering, first flowering node and first fruiting node are the effective traits for earliness. Low mean value is highly desirable for all these three attributes of earliness. Fruit length, width, weight and number are considered to be the fruit traits in okra, for which high mean value is desirable.
Optimizing pod yield is one of the most important goals for most okra growers and, consequently, most okra breeding programs [12] . For improving this crop through conventional breeding and selection, adequate knowledge of association that exists between yield and yield related characters is essential for the identification of selection procedure. Correlation coefficient analysis revealed that plant height, fruit length, fruit width, fruit weight, total number of fruits per plant, number of marketable fruits per plant and total yield per plant had significant positive correlation, while number of branches per plant, internodal length, days to 50% flowering, first flowering node and first fruiting node had significant negative correlation with marketable yield per plant [12] . From the perusal of mean performance of single cross hybrids, it is evident that the hybrids showing high mean values for marketable yield per plant might have been due to their high mean values for total yield per plant, total number of fruits per plant, number of marketable yield per plant, fruit length, width and weight, plant height and number of branches per plant and low mean values for internodal length, days to 50% flowering, first flowering and fruiting nodes, which could be some of the yield contributing characters under study. In the present study, on the basis of mean performance for both total and marketable yield per plant and the associated yield attributes, the crosses RNOYR-15 × RNOYR-16, RNOYR-16 × RNOYR-17 and RNOYR-17 × RNOYR-18 were the top three per se performers, which could be exploited either in breeding programs to generate genetic variability in desirable direction for effective selection to improve the respective traits or for commercial cultivation.
Qualitative Traits of Single Cross Hybrids
Variation is an important attribute in breeding programs [27] [28] . The okra entries characterized in this study showed a broad variation for most traits, which allows for the identification of promising parents and hybrids of okra. All of the fifteen crosses and their six parents, three hybrid checks and two OPV checks had the commonest growth habit i.e. indeterminate growth habit with erect general growth appearance (unique orthotrop axis). Erect plant type is advantageous to okra production since it would allow maximum and uniform exposure or distribution of all leaves and other vegetative parts for better interception of sunlight. This would result in an increase in dry matter production and a subsequent increase in yield. This is in conformity with the findings of earlier researcher [29] in tomato. Moreover, there is less chance of fruits touching the ground or soil thereby causing fruit rot. The variation in leaf shape, leaf pubescence, stem colour, stem pubescence, petiole colour, outside petal base colour, immature fruit colour and position of fruit on main stem, were easily recognizable with visual appraisal in the material. This could be due to the fact that the parental lines used in this study were improved lines and their crosses and hence less variable or diverse with respect to qualitative traits. Fruits with characteristics such as smooth, spineless, slender with green (green/dark green) skin are very desirable in the Indian local and export markets. RNOYR-15, RNOYR-17 and RNOYR-18 were among the parental lines and RNOYR-17 × RNOYR-18 was among the crosses that had dark green fruits.
Among the eighteen qualitative characters studied, there exists relationship between the stem colour of the accessions and the fruit colour as well as their petiole colour. The relationship was stronger between the stem colour and the fruit colour than between the stem colour and petiole colour of the accessions. The same trend was observed between the stem pubescence and the fruit pubescence. These may probably be as a result of one gene controlling the pair of traits of stem and fruit colour and stem and fruit pubescence in the various accessions. This was also reported by other researcher [30] who investigated variation in okra species and found that a large number of okra characters such as pigment colour and spines on the fruit surfaces are inherited in a simple fashion, suggesting that these characters are controlled by relatively few genes. For the leaf and petal colour, the genes controlling these traits are probably dominant genes as no variation was expressed amongst the crosses. On the basis of mean performance for both total and marketable yield per plant and fruit quality, the crosses RNOYR-15 × RNOYR-16, RNOYR-16 × RNOYR-17 and RNOYR-17 × RNOYR-18 were the top three per se performers, which are statistically comparable with three hybrid checks under study.
Pod Quality of Single Cross Hybrids
Vegetable product innovation is necessary for maintaining the interest of today's consumer. Quality in vegetable crops, in contrast to field crops, is often more important than yield. For farmers to survive, varieties must be accepted by the market. Thus, quality is usually more important than productivity. The final goal of vegetable breeding programs is then to release new varieties having elite combinations of many desirable horticultural characteristics. In addition to pod yield, pod quality plays an important role in okra productivity and marketability [31] . The economic returns from okra not only depend on pod yield, but also on its quality, which is conglomerate of several horticultural traits [18] . In fruit vegetables like okra, the pod quality characteristics include size (length and width), shape, color, straightness, ribbedness, pubescence (texture), longitudinal groves (furrows) and constriction at base. These are the external qualities or properties on the basis of which consumers may be attracted to okra pods with greater perceived quality. Many local, open pollinated and hybrid varieties of okra occur in India, which differ from each other in fruit characteristics like size (length: short/long, width: thin/ broad or slender/wide), shape (round/angular/star shaped), colour (light green/dark green/red), ribbedness (5 ridged/multi-ridged (>10 ridges), straightness (straight/curved), pubescence (hairy/glabrous), longitudinal groves (furrows) (absent/present), constriction at base (absent/present). In quality breeding programs of okra for domestic markets for fresh consumption, the qualitative traits that need to be given emphasis include medium long to short, green, smooth (downy), five ridged, angular, straight fruits with blunt tip for enhanced fruit quality and appearance [18] . Several desirable quality characteristics of okra fruit are length, diameter, greenness, mucilage and fiber content. Industry and commercial preference is oriented to fruits 8.9 -12.7 cm long (medium), although smaller fruits are commonly accepted in USA. A specific greenness and fruit diameter are also required, but they are often arbitrarily indicated (e.g. very dark and reduced fruit diameter are the most preferred) [31] . Greenness, length and weight of the fruit were associated with okra genotype [32] . Hence, trading in okra is done according to its quality and size.
One important factor in producing quality okra pods is the selection of superior varieties. Although F 1 hybrids are not perfect, they are generally superior in quality and should be chosen to fit our specific needs. In the present study, all of the 15 hybrids and three hybrid checks under present study were of superior pod quality as evident from the qualitative traits. The findings of this study are important by their relevance to both, consumer preferences and the needs of genetic improvement in okra. On the whole, most of these hybrids under present study would be advantageous for quality improvement, trade facilitation and consumer protection.
There is potential of increased pod yields through use of F 1 hybrids in okra. On the basis of mean performance for pod yield and its components and acceptable pod quality traits, three crosses RNOYR-15 × RNOYR-16, RNOYR-6 × RNOYR-17 and RNOYR-17 × RNOYR-18 were of statistically higher yield potential than the check "No. 64" and of statistically comparable yield potential with the hybrid checks "Avantika" and "Shakti". However, for more conclusive results there is need to subject the F 1 hybrids to the other two growing seasons and regions of the state.
Disease Reaction of Single Cross Hybrids to YVMV
Plant diseases continue to play a major limiting role in agricultural production. The control of plant diseases using classical pesticides raises serious concerns about food safety, environmental quality and pesticide resistance, which have dictated the need for alternative pest management techniques. It is important to find alternative measures to control plant diseases which do not harm the environment and at the same time increase yield and improve product quality [33] - [35] . Plant disease resistance and tolerance are genetically controlled [36] . In well-managed farming systems, crop losses to diseases can often be kept to an acceptable minimum by deploying resistant varieties. The development of varieties resistant to common, crop specific pathogens of economic importance is essential to reducing the pesticides needed and the energy consumed by low-input, medium-input and high-input farming systems to improve yield. A resistant variety can provide a base on which to construct an integrated control system [37] [38] and may be most fruitful when used in connection with other methods of control.
Viruses can substantially reduce production and quality and are becoming increasingly problematic worldwide due to the absence of virus resistant germplasm for many important vegetable crops. Viruses pose serious constraints to okra production. Okra is susceptible to at least 19 plant viruses [39] . These viruses severely affect okra production in terms of yield and fruit quality. Among these viruses, YVMV transmitted by whiteflies, is the most pressing plant protection problem universally faced by all okra growers [40] [41] causes significant losses in the okra production. Some attempts had been made by several workers to reduce to disease through the vector control [42] - [45] and also through the breeding strategies [46] [47] . Resistance breeding for YVMV to develop YVMV resistant variety is essential for stable and sustainable okra production.
Selecting F 1 hybrids and disease resistant cultivars cannot be stressed enough, in choosing wisely, farmers avoid many disease problems in the field. In okra, the easiest method of screening genotypes against YVMV is the field screening in the hotspot regions. In screening okra genotypes to YVMV, selection of the screening region as hot-spot is most important. Once the hot-spot region is selected, the selection of suitable screening season is also important. The role of environmental conditions cannot be denied in case of creation of epiphytotic situations in YVMV disease of okra. Each parameter of environment plays its role in reducing or enhancing of pathogenic activity as well as vectors especially insect vectors. Hot weather with little or no rainfall was conducive for disease progress of YVMV and also for multiplication of Bemisia tabaci [48] . Rise in minimum temperature is conducive for disease development while increase in relative humidity is detrimental to whitefly population [49] . In general, favorable environmental factors for the occurrence of YVMV in okra are high temperature and low and/or high humidity. Of the three regular growing seasons found in Andhra Pradesh viz., rainy season (June-September), winter season (October-January) and summer season (February-May), YVMV incidence is highest in summer season, lowest in winter season and moderate in rainy season in a given set of genotypes of okra screened under field conditions at Hyderabad (unpublished data). The climatic conditions of Hyderabad, Andhra Pradesh, India are high temperature and low humidity during summer. Hence, Hyderabad is one of the hot-spots for field screening for YVMV resistance in okra. Natural inoculum was relied upon for infection of YVMV.
Results of the field screening under hot spot area indicated zero percent incidence of YVMV in all of the 15 hybrids and their 6 parental inbred lines, while 100 percent incidence of YVMV in the two OPV checks "Pusa Sawani" and "Arka Anamika" used as cross-checks at final harvest. All of the 15 hybrids and their 6 parental inbred lines under study were found to be resistant to YVMV under field conditions. Of the three hybrid checks under study, "No. 64" was found resistant, while "Avantika" and "Shakti" were tolerant to YVMV. These could be useful sources of resistant genes which could be exploited in breeding okra cultivars resistant to YVMV. It was evident from the results of the present study that tolerance/resistance in okra is genetic and not due to escape. Of the 51 okra hybrids screened for YVMV resistance four hybrids were highly resistant to YVMV, while the rest of the hybrids were susceptible or highly susceptible [50] . The incidence of YVMV was higher during the rainy season when six varieties of okra were screened for resistance to YVMV in the rainy and summer seasons [51] . The incidence of YVMV was higher during the rainy season.
Conclusion
In conclusion, the analysis of variance revealed a wide range of variation for almost all the characters studied. Further, the present study revealed horticultural superiority and YVMV resistance of certain single cross hybrids over hybrid checks. The single cross hybrids RNOYR-15 × RNOYR-16, RNOYR-16 × RNOYR-17 and RNOYR-17 × RNOYR-18 with high yield potential, good fruit quality and YVMV resistance have got the potential of being commercially exploited for the production of F 1 hybrids in okra after further multi-environment testing. These hybrids would be advantageous for production and quality improvement, trade facilitation and environmental protection. The results of this study would help okra breeders to develop not only productive varieties but also those with YVMV resistance and superior pod quality attributes. In perspective, it would be judicious to produce F 1 hybrids and to evaluate their yield potential and pod quality. This could probably the first report of developing horticulturally superior and YVMV resistant single cross hybrids of okra in the world.
